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Bicycle riding has many positive benefits re-
lated to health1---20 as well as to transporta-
tion21,22 and the environment.23,24 Because
the metabolic-equivalent intensity levels for
bicycling are higher than those for walking,25
bicycling can be even more beneficial than
walking with respect to weight control,26 all-
cause mortality,27,28 and heart function29 among
adults, and with respect to physical fitness30 and
cardiovascular health31 among children. In the
United States, 68% of the population is over-
weight or obese,32 and 34% of children and
adolescents are overweight or at risk for being
overweight.33 Although bicycling is beneficial,
US census data show that only 0.5% of US
residents aged 16 years or older use a bicycle
as a means of transportation to and from work,
and only 24% of these bicyclists are female.34
This low rate of cycling may be attributable
in part to the lack of proper bike facilities.
In the Netherlands, where there are 29 000
km of cycle tracks,35 27% of trips are made
by bicycle and, of total bicycle trips, 55% are
made by female bicyclists.36 In Montreal,
Canada, where cycle track networks were
initiated 20 years ago and there are now 63
kilometers of on-road cycle tracks along with
173 kilometers of park and riverside cycle
tracks, bicycle volumes have increased tre-
mendously.37 In both the Netherlands38 and
Montreal,39 detailed guidelines have long
existed that support the implementation of
cycle tracks. Recent research articles, reviews,
and reports on bicycle facilities have noted
the benefits of cycle tracks.40---46 However,
other recent articles on bicycle facilities have
described only the need for separation of
bicyclists from cars47 or have not included
analyses or discussions of cycle tracks.48---52
In the United States, the guidelines of the
American Association of State Highway and
Transportation Officials (AASHTO) favor bicy-
cling on roadways, even though most women,
children, and seniors prefer separation from
vehicles.36,53--60 Discouraged in these guidelines
is the building of bicycle facilities resembling
cycle tracks, that is, physically separated and
bicycle-exclusive paths adjacent to sidewalks.
Past research articles on cycle track---related
facilities, such as sidewalk bikeways and road-
parallel shared-use paths,61--63 have been used to
discourage creation of cycle tracks in the United
States. No studies have offered precise estimates
of the existence and safety of US cycle tracks.
The US Department of Transportation pol-
icy statement recommends that the design of
bicycle and pedestrian facilities follow the
best currently available standards and design
guidelines, such as AASHTO’s Guide for the
Development of Bicycle Facilities and A Policy on
Geometric Design of Highways and Streets and
the Institute of Transportation Engineers’
Design and Safety of Pedestrian Facilities.64
Thus, AASHTO guidelines, commonly avail-
able and used by state departments of trans-
portation, have primarily directed the design
of US bicycle facilities.
The new National Association of City Trans-
portation Officials bike guide65 includes cycle
tracks. However, without inclusion of cycle
tracks in the commonly adopted AASHTO
guide, without US-based cycle track research,
and without public health and transportation
policies in support of cycle tracks, it will continue
to be difficult to create cycle track networks.
Furthermore, in the public participation process
often only a few individuals attend the evening
hearings, and they include adjacent residents
who are opponents of changes to the street and
bicyclists who prefer the road as opposed to
large numbers of potential bicyclists, including
women, children, and seniors. The design is,
therefore, often biased toward leaving the road
virtually unchanged. As a result of these and
many other historical reasons, the default bicycle
facility in the United States remains a bike lane
painted on a road,66 in which many bicyclists
do not feel comfortable67 or safe.68
We analyzed past and current state-adopted
bicycle guidelines to assess the justifications
for and level of rigor applied to recommenda-
tions for the use of bicycle facilities in the United
States. Also, we determined, notwithstanding
Objectives. We studied state-adopted bicycle guidelines to determine
whether cycle tracks (physically separated, bicycle-exclusive paths adjacent
to sidewalks) were recommended, whether they were built, and their crash
rate.
Methods. We analyzed and compared US bicycle facility guidelines published
between 1972 and 1999. We identified 19 cycle tracks in the United States and
collected extensive data on cycle track design, usage, and crash history from
local communities. We used bicycle counts and crash data to estimate crash
rates.
Results. A bicycle facility guideline written in 1972 endorsed cycle tracks but
American Association of State Highway and Transportation Officials (AASHTO)
guidelines (1974–1999) discouraged or did not include cycle tracks and did not
cite research about crash rates on cycle tracks. For the 19 US cycle tracks we
examined, the overall crash rate was 2.3 (95% confidence interval = 1.7, 3.0) per 1
million bicycle kilometers.
Conclusions. AASHTO bicycle guidelines are not explicitly based on rigorous
or up-to-date research. Our results show that the risk of bicycle–vehicle crashes
is lower on US cycle tracks than published crashes rates on roadways. This study
and previous investigations support building cycle tracks. (Am J Public Health.
2013;103:1240–1248. doi:10.2105/AJPH.2012.301043)
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the AASHTO guidelines, whether cycle tracks
had been built in the United States and their
characteristics. Finally, we examined whether
the rate of vehicle---bicycle crashes on US
cycle tracks was lower than published rates
for bicyclists on roadways.
METHODS
In addition to collecting information on
and analyzing state-adopted bicycle facility
guidelines, we identified locations of cycle
tracks, gathered data from local communities,
and estimated bicycle---vehicle crash rates.
Bicycle Facility Guidelines
We studied Web sites and article bibliogra-
phies to identify US bicycle facility guidelines69,70;
we also examined all of the AASHTO guide-
lines (1974,711981,72 1991,73 and 199974)
regarding bicycle facilities. Bikeway Planning
Criteria and Guidelines,75 published in 1972
by the Institute of Transportation and Traffic
Engineering at the University of California, Los
Angeles (and later reprinted by the Federal
Highway Administration), was also included.
We systematically analyzed the guidelines,
searching for sentences, references to research,
bibliographical citations, and recommendations
either favoring or discouraging the implemen-
tation of cycle tracks. Because bike facility
preferences have been identified as a gender
issue,53,55,56,76 we also assessed the gender
of the guideline authors.
Identification of Cycle Tracks
To be defined as cycle tracks for this study,
we required that cycle tracks be paved, parallel
to vehicle travel lanes, 1 or 2 way, physically
separated from motor traffic (i.e., separated by
curbs or barriers to deter vehicles from entering),
and distinct from walking paths; that they
have data available or that could be obtained
on crashes and bike counts; and that they not
be completely adjacent to water (i.e., drivers
would not drive over a cycle track to a beach).
Thus, bike lanes denoted by paint alone and
shared-use paths were not included.
We first identified US cycle tracks in Feb-
ruary 2009 through a survey administered to
listserv members of the Association of Pedes-
trian and Bicycle Professionals, which included
656 individuals throughout the United States
and Canada. As more cycle tracks were
suggested and other cycle tracks were found
through Web searches, other communities
were contacted. Of 43 suggested facilities,
we excluded 24 because they did not meet
our criteria. For all suggested cycle tracks, we
used Google street view maps to verify their
existence and whether they were separated
from traffic.
Data Collection
Between 2009 and 2012, we contacted
numerous professionals (e.g., urban and bicycle-
facility planners, police officers, parks and
recreation coordinators, community and trans-
portation officials) from all communities with cycle
tracks to obtain information on cycle track
design (e.g., configuration, type of separation,
length), bicycle counts, and crashes. Data on
bicycle counts (which ranged from 1-hour to
monthly counts) were obtained from community
reports77--80 or the community professionals we
contacted. In the 2 cases in which counts were
unavailable, we paid professionals to conduct
the bicycle counts.
We obtained crash data on streets with cycle
tracks from police departments, transportation
divisions, official reports, and other sources.
Almost all crashes were known to be police-
recorded crashes. Only data on crashes result-
ing from an interaction between a vehicle
and a bicyclist were included. Information on
crashes involving pedestrians, other bicyclists,
or fixed objects was not included because
such crashes are not consistently recorded.
Data on injury severity were not available for all
cycle tracks studied, and thus not considered.
Estimation of Crash Rates
As with estimations of motor vehicle traffic
volumes and determinations of average annual
daily traffic,81 single bicycle counts must be
adjusted for the count period and duration.
Data from permanent cyclist counting stations
can be used to estimate the repartition of cyclists
across each month of the year, day of the week,
and hour of the day. For each single bicycle
count period, expansion factors were used to
adjust the actual counts for time of day (f-hour),
day of the week (f-day), and month (f-month),
allowing an estimation of the average daily
bicycle count (ADBC). We derived our expan-
sion factors from 12-month counts taken with
24-hour continuous automatic bicycle counters
on cycle tracks in Portland, Oregon, and
Vancouver, British Columbia. To calculate
the ADBC, we divided the hourly bike count
on a given cycle track (denoted as B) by the
appropriate expansion factors, as follows:
ADBC = B/(f-hour · f-day · f-month). If cycle
tracks had more than 1 hourly bike count on
different days, we used averaged daily values
from each count. The resulting ADBC was then
multiplied by the length of the cycle track to
derive average number of bicycle kilometers
per day. This in turn was multiplied by 365 to
determine average bicycle kilometers per year.
Detailed data on vehicle---bicycle crash loca-
tions, vehicle types, and bicycle movements were
available only for the 5 New York City cycle
tracks (from the New York State Department of
Transportation). In New York City, bicyclists
do not have to ride on cycle tracks; the De-
partment of Transportation data allowed us to
identify crashes occurring among bicyclists rid-
ing on roads and not on adjacent cycle tracks.
We had determined that only a minority of
crashes (n = 9; 22%) occurred on the roadway
sections where the cycle tracks exist, but it was
more complex to distinguish near the inter-
section whether the bicyclist was coming from
the cycle track or riding on the road. Therefore,
all reported vehicle---bicycle crashes on New
York City streets with cycle tracks were included,
even though some of the bicyclists may not have
been riding on or coming from the cycle track.
Vehicle---bicycle crash periods (according
to police records and community officials)
ranged from 0.3 to 8.6 years. To estimate
crash rates per million bicycle kilometers,
we divided the number of vehicle---bicycle
crashes by amount of bicycle exposure (average
bicycle km/year · crash period).
RESULTS
We analyzed and compared the bicycle
facility guidelines, listed the characteristics
of the 19 cycle tracks that met the inclusion
criteria, and, after applying the expansion
factors to the bicycle counts, estimated bicycle---
vehicle crash rates.
Analysis of Bicycle Facility Guidelines
The 1972 Bikeway Planning Criteria
and Guidelines document was authored by
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academicians in psychology, engineering, ar-
chitecture, urban planning, housing, real estate,
business administration, and management
(Table 1). The report endorsed cycle tracks and
included 68 citations, 16 from outside the
United States. Only first initials were provided
for the participating investigators, consultants,
authors, advisors, and staff members; as a
result, no data on the gender of the report’s
authors were available.
By contrast, the 1974, 1981, 1991, and
1999 AASHTO guidelines did not endorse
cycle tracks. The reason given in the 1974
AASHTO guide was that cycle tracks posed
a conflict with pedestrians crossing to parked
vehicles. Other justifications were added in
1981 (and repeated in subsequent versions of
the guidelines), including conflicts at inter-
sections or driveways, that cycle tracks pro-
hibited cyclists from making left turns, and
that opening of passenger doors created haz-
ards. The number of references cited in the
AASHTO bibliographies ranged from 0 to 15,
with only 1 research-based citation. Data
on author gender were available only for the
1991 (91% male) and 1999 (97% male)
guidelines.
Identification of Cycle Tracks
Nineteen cycle tracks met our inclusion
criteria and had vehicle---bicycle crash data
available (Table 2). Of these cycle tracks, 6
were located in warmer climates (Florida and
California), 6 in colder climates (Minnesota,
Colorado, Massachusetts, and Vermont), and
the remainder in moderate climates (Oregon
and New York). Six were 2-way cycle tracks
on one side of the street, 7 were 1-way cycle
tracks on both sides of the street, 2 were
contra-flow cycle tracks (with bicyclists trav-
eling toward cars), and the remaining 4 were
1-way cycle tracks on one side of the street.
Ten were street level, and the remainder were
above street level. Cycle track lengths varied
from 0.16 to 4.83 kiloometers (Table 3).
Crash Rates
Our findings showed that 55 bicycle---vehicle
crashes were reported over a combined 57
years of cycle track observations. When we
used our Portland expansion factors (Figure 1),
the ADBC ranged from 21 cyclists (Apopka
Vineland Road, Orlando, FL) to 2085 bicyclists
(8th Avenue, New York City; Table 3). Eight
cycle tracks had no reported crashes, whereas
8th Avenue in New York had 20 reported
crashes over a period of 2.3 years. Overall,
the estimated bicycle exposure (bicycle
km/year · crash period) on all studied cycle
tracks was 24 244 027 bicycle kilometers.
Hence, with 55 crashes (and use of the Port-
land expansion factors), the overall crash
rate was 2.3 (95% confidence interval [CI] =
1.7, 3.0) per 1 million bicycle kilometers. When
the Vancouver expansion factors were applied,
the crash rate was 2.1 (95% CI = 1.6, 2.8).
DISCUSSION
We analyzed 5 key state-adopted bicycle
guidelines published between 1972 and 1999.
Bikeway Planning Criteria and Guidelines,
published in 1972 by the Institute of Trans-
portation and Traffic Engineering at the Uni-
versity of California, Los Angeles, favored
cycle tracks, but the subsequent AASTHO
guidelines (initially published in 1974) did
not. The 1972 guidelines were subsequently
disfavored by some in the biking community69;
the AASHTO guidelines favored bike lanes
and road cycling.
AASHTO recommended not building cycle
tracks, or facilities on the sidewalk side of the
parked cars, because of their lack of safety and
movement constraints. Although it described
cycle tracks as having possible conflicts with
pedestrians crossing to parked vehicles or
passenger doors opening, AASHTO did not
cite research about such injuries on cycle tracks.
Instead of cycle tracks, the guidelines rec-
ommended bike lanes on the road side of
parallel parked cars. Yet, even in the 1999
version of the AASHTO guidelines, no re-
search was cited regarding the safety of bike
lanes adjacent to parked cars. Dooring, in
which a car occupant opens his or her car
door when a bicyclist is passing, is associated
with cyclist injuries. Dooring may be pre-
vented or lessened with sufficient buffers
between the parked cars and the cycle track
or bike lane but such buffers require roadway
width. With or without buffers, cycle tracks
on the passenger side expose bicyclists less to
opening car doors compared to bike lanes on
the driver side, because not all cars have
passengers but all cars have a driver. Addi-
tionally, while a bicyclist in the cycle track
could swerve around or hit an opening
TABLE 2—Cycle Tracks and Their Characteristics: United States, 2002–2011
Cycle Track and Location Configuration Separation Level
Calle Barcelona, Carlsbad, CA 1 way, 2 sides Curb, planting strip Raised
East Palomar Street, Chula Vista, CA 2 way, 1 side Parking, curb, planting strip Raised
Friars Road, San Diego, CA 2 way, 1 side Raised median, curb stops Street
Beach Street, Santa Cruz, CA 2 way, 1 side Low rubber divider Street
High Street, Santa Cruz, CA 1 way, 1 side, contra flow Low rubber divider Street
13th Street, Boulder, CO 1 way, 1 side, contra flow Raised median Street
Broadway, Boulder, CO 2 way, 1 side Curb, planting strip Raised
Apopka Vineland Road, Orlando, FL 1 way, 2 sides Curb, planting strip Raised
Vassar Street, Cambridge, MA 1 way, 2 sides, some blue paint Parking, curb, planting strip Raised
1st Avenue North, Minneapolis, MN 1 way, 2 sides Two painted lines as buffer Street
Loring Bikeway, Minneapolis, MN 2 way, 1 side Curb, planting strip Raised
1st Avenue, New York City 1 way, 1 side, green paint Painted buffer, parking Street
2nd Avenue, New York City 1 way, 1 side, green paint Painted buffer, parking Street
8th Avenue, New York City 1 way, 1 side, green paint Painted buffer, parking Street
9th Avenue, New York City 1 way, 1 side, green paint Posts, painted buffer, parking Street
Prospect Park West, New York City 2 way, 1 side, green paint Painted buffer, parking Street
Ayers Road, Eugene, OR 1 way, 2 sides Mountable curb Raised
Reed Market Road, Bend, OR 1 way, 2 sides, red Mountable curb Raised
Dorset Street, Burlington, VT 1 way, 2 sides Curb, planting strip Raised
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passenger door or in the bike lane swerve
around or hit the driver door, a key difference
is being beside the sidewalk versus being beside
moving cars, trucks, and buses. In Toronto, there
were 297 cases of dooring (11.6% of collisions,
with 3.1% involving major injuries and 1 case
resulting in a fatality) from 1997 to 1998, when
bicyclists were riding on roads (cycle track
networks did not exist).82 In Boston, Massa-
chusetts, where bicyclists have also been riding
on roads, motor vehicles accounted for
the highest percentage of collisions among the
city’s bicycle messengers in 2001 (29%), fol-
lowed by the opening of car doors (16%).83
The AASHTO guidelines also did not cite
research regarding preferences for bike lanes
relative to cycle tracks. Recent studies have
shown that female, child, and senior cyclists
mostly prefer separation from vehicles36,53--60;
the AASHTO recommendations may have been
influenced by the predominantly male compo-
sition (more than 90%) of the report’s authors in
1991and1999. Finally, AASHTO did not report
design alternatives for safely turning left from
cycle tracks, solutions that existed on, for exam-
ple, Dutch38,84 cycle tracks well before 1974.
The 19 US cycle tracks we examined totaled
only 34 kilometers, a minuscule length compared
with the 29 000 kilometers of cycle tracks
in the Netherlands.35 The overall estimated
crash rate on the studied cycle tracks was 2.3
(95% CI = 1.7, 3.0) per million bicycle kilo-
meters, which is low relative to reported crash
rates on roadways in the United States and
Canada. When calculated to include only
vehicle---bicycle crashes on the road, published
crash rates per million bicycle kilometers range
from 3.7536 to 5483 in the United States and
from 4685 to 6786 in Canada. The wide range
in reported rates for road cycling may be due to
differences in study methods, case definitions,
design features and context; however, all such
rates of which we are aware are greater than
the cycle track rates found in our study.
We may have underestimated crash rates
because not all bicycle---vehicle crashes were
reported. By contrast, rates may have been
overestimated because crashes occurring in
New York City could have involved bicyclists
on roads as opposed to cycle tracks. For
comparison, a recent study of 6 cycle tracks
in Montreal relied on exhaustive police crash
and ambulance injury data, and the safest
Montreal cycle tracks had crash rates per
million bicycle kilometers of 1.9 (Brébeuf) and
3.2 (Maisonneuve).87 The crash rate found here
for US cycle tracks (2.3) is within this range.
TABLE 3—Vehicle–Bicycle Crash Rates on Cycle Tracks: United States, 2002–2011




Bicycle Countd Bicycle km/Yeare Exposure,f No. Crash Rateg
Calle Barcelona, Carlsbad, CA 2.11 3.6 0 25 19 596 70 745 0.0
East Palomar Street, Chula Vista, CA 3.28 8.6 1 201 240 256 2 068 655 0.5
Friars Road, San Diego, CA 3.46 3.6 1 280 353 991 1 277 982 0.8
Beach Street, Santa Cruz, CA 1.22 1.0 1 695 309 627 309 627 3.2
High Street, Santa Cruz, CA 0.16 2.0 0 196 11 474 22 948 0.0
13th Street, Boulder, CO 0.34 3.5 0 1 157 143 601 502 605 0.0
Broadway, Boulder, CO 4.83 3.5 2 1 712 3 018 606 10 565 122 0.2
Apopka Vineland Road, Orlando, FL 1.93 4.0 0 21 14 630 58 522 0.0
Vassar Street, Cambridge, MA 0.32 5.0 1 564 65 911 329 555 3.0
1st Avenue North, Minneapolis, MN 1.13 1.8 4 330 136 295 249 873 16.0
Loring Bikeway, Minneapolis, MN 1.13 4.0 4 814 335 806 1 343 224 3.0
1st Avenue, New York City (1st to 34th) 2.65 0.3 3 1 854 1 793 312 597 771 5.0
2nd Avenue, New York City (34th to 1st) 2.60 0.5 5 1 620 1 537 153 768 577 6.5
8th Avenue, New York City (West 14th to West 34th) 1.57 2.3 20 2 085 1 194 847 2 787 976 7.2
9th Avenue, New York City (14th-33rd) 1.57 2.4 13 1 576 902 876 2 181 950 6.0
Prospect Park West (Bartel Pritchard
Square to Union Street), Brooklyn, NY
1.51 0.8 0 1 654 911 816 683 862 0.0
Ayers Road, Eugene, OR 0.80 5.0 0 144 42 146 210 728 0.0
Reed Market Road, Bend, OR 1.19 4.0 0 109 47 438 189 752 0.0
Dorset Street, Burlington, VT 1.85 1.0 0 36 24 555 24 555 0.0
Total 34 57.0 55 . . . 11 103 935 24 244 027 2.3
Note. Totals may be rounded.
aLength of cycle track studied (which, as a result of limited availability of crash and count data, may have been less than the entire cycle track length).
bTime period during which crash data were available.
cPolice- or community-reported crashes during the reporting period.
dBased on bicycle counts (adjusted, via expansion factors, for time of day, day of week, and month) and duration of counting period.
eLength of cycle track multiplied by average daily bike count multiplied by 365.
fBicycle km/year multiplied by crash reporting period.
gNumber of crashes divided by exposure (bicycle km/year multiplied by crash reporting period).
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Two of the Montreal cycle tracks are located
on major roads and had crash rates per million
bicycle kilometers of 16.4 (Berri) and 19.3
(Christoph Colombo). Similarly, 2 of the US
cycle tracks with the highest crash rates (1st
Avenue in Minneapolis, MN, 16.0; and 8th
Avenue in New York City, 7.2) are also along
busy urban arterials. Overall in the Montreal
urban study, there were 8.5 injuries and 10.5
crashes per million bicycle kilometers. In ad-
dition, there was a 28% lower injury rate on
streets with cycle tracks than on reference
streets (alternative routes without cycle tracks).
As a further comparison, data from New
York City before and after installation of cycle
tracks suggest that the rate of crashes with
injuries decreased by 30% after installation of
the 8th Avenue cycle track street section and
56% after the installation of the 9th Avenue
section.78 After implementation of the 2-way
Prospect Park West cycle track, there was
a 62% decrease in crashes with injuries, and
the number of bicyclists riding on weekends
doubled.79 Similarly in Montreal, streets with
cycle tracks had 2.5 times as many bicyclists
as streets without bicycle facilities.87
Our results contrast with 2 earlier US studies
that discussed bicycling on sidewalks (which
have also been categorized as cycle tracks).61,62
Moritz61 used a self-report sample of 2374
riders to collect data on number of kilometers
ridden, percentage of use of bike facilities,
and number of crashes according to type of
facility. Only 0.8% of bicycle kilometers ridden
and 12 crashes (4.4%) were reported as
occurring in “other” settings (most often in-
dicated as sidewalks or parking lots, with most
respondents categorizing “other” as sidewalks).
The relative danger index for sidewalk cycling
was 5.30, compared with 1.26 for cycling on
a major street; that is, bicyclists had a 5.30 times
greater risk of crashing on sidewalks. A
second study by Moritz62 involving 1956
riders revealed that only 9 crashes occurred
in other settings and that 0.3% of bicycle
kilometers ridden were in these settings. The
relative danger index for cycling in other
settings was 16.34, compared with 0.66 on
major roads and 0.41 in bicycle lanes. These 2
studies are not sufficiently robust to allow
conclusions about the safety of sidewalk





























































































































FIGURE 1—Expansion factors used to adjust bicycle counts for (a) month, (b) day, and (c)
hour: Portland, OR, January–December 2010.
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In more recent research, a preinstallation---
postinstallation study of cycle tracks in
Copenhagen, Denmark, showed a 4% to 10%
decrease in crashes and injuries occurring
between intersections but an 18% increase
in crashes and injuries occurring at intersec-
tions. According to the author, the latter finding
was possibly due to the elimination of parallel
parking and the fact that more drivers were
turning to search for parking.88 Another recent
study, conducted in the Netherlands, suggested
the creation of cycle tracks to reduce crash rates.42
A recent review of infrastructure studies on
bicycle injuries and crashes showed that bicyclists
are safer on roundabouts with cycle tracks,43
and in the Netherlands walking and bicycling to
school have been shown to be strongly associ-
ated with the existence of cycle tracks.40
A review of peer-reviewed literature on
bicycling and road safety conducted by authors
in the Netherlands suggested that physically
separated bicycle facility networks, as provided
in the Netherlands (where 55% of bicyclists
are female36), lead to reductions in risk among
cyclists.42 In Denmark, where cycle track
networks are also provided, bicyclists have
stated their preference for separation from
vehicles and pedestrians.89 By contrast, in
the United States, where very few cycle tracks
exist and bicyclists primarily have to ride
with vehicles, rates of cycling have increased
among men aged 25 to 64 years but have
remained the same among women and de-
creased among children.44
Strengths and Limitations
There are several strengths of this research.
First, our historical perspective shows that
recommendations against cycle tracks in the
AASHTO guidelines were mostly duplicated
from previous versions of the guidelines,
without references to peer-reviewed findings.
Second, the territory covered included the
entire United States and, probably, most actual
cycle tracks at the time the data were collected.
Third, we took bicycle usage into account in
estimating crash rates. Bicycle counts were uni-
formly expanded by applying the same factors,
derived from US and Canadian cycle tracks, to
all studied cycle tracks. These expansion factors
were based on detailed and continuous bicyclist
counts. Fourth, all reported bicycle crashes
on New York City streets with cycle tracks
were included, even though an analysis of the
crashes suggested that some occurred on the
road and that some bicyclists were not riding
on or coming from the cycle track.
The study involved several limitations.
First, the guidelines analyzed were restricted
to those most commonly adopted by states
(mainly the AASHTO guidelines); however,
they were the most critical guidelines with
respect to implementation of cycle tracks.
Second, crash data and bike counts were
available for only a small number of US cycle
tracks. Third, although some bicycle counts
were extensive (e.g., New York City), others
were 1-hour counts.
Fourth, the use of expansion factors from
Portland and Vancouver may have resulted
in bicycle usage being overestimated or under-
estimated. Fifth, although we attempted to
collect data on all of the vehicle---bicycle
crashes that occurred on each cycle track,
reporting of crashes may have been incom-
plete. Sixth, for comparison crash rates on
road bicycling we had to rely on studies from
other contexts. Therefore, future research
might estimate crash rates for bicycling on
roadways in each of the US cities with cycle
tracks, or another study design might be
applied to compare bicycling on roads versus
on cycle tracks. These limitations underscore
the need for more systematic bike counts and
crash data collection, as well as better descrip-
tions of crash locations and trajectories. Our
study serves as one of the many steps leading
to a common understanding of bicycle facility
guidelines and implementation of cycle tracks
in the United States.
Conclusions
State-adopted recommendations against
cycle tracks, primarily the recommendations of
AASHTO, are not explicitly based on rigorous
and up-to-date research. Our results suggest
that, in the United States, bicycling on cycle
tracks is safer than bicycling on roads. Fur-
thermore, recent research shows bicyclists’
preferences for cycle tracks. Stakeholders
should consider the tremendous health bene-
fits and safety of cycle tracks, especially given
that their benefits have already been demon-
strated in European and Canadian cities. Ad-
ditional research on cycle tracks could identify
optimal design features. j
About the Authors
Anne C. Lusk is with the Department of Nutrition,
Harvard School of Public Health, Boston, MA. Patrick
Morency is with the Direction de santé publique de
Montréal and the Département de médecine sociale et
préventive, Université de Montréal, Montreal, Québec.
Luis F. Miranda-Moreno is with the Department of Civil
Engineering and Applied Mechanics, McGill University,
Montreal. Walter C. Willett is with the Departments of
Nutrition and Epidemiology, Harvard School of Public
Health, and Brigham and Women’s Hospital, Harvard
Medical School, Boston. Jack T. Dennerlein is with the
Department of Environmental Health, Harvard School of
Public Health, and Brigham and Women’s Hospital,
Harvard Medical School.
Correspondence should be sent to Anne C. Lusk, PhD,
Harvard School of Public Health, 665 Huntington Ave,
Building II, Room 314, Boston, MA 02115 (e-mail:
annelusk@hsph.harvard.edu). Reprints can be ordered at
http://www.ajph.org by clicking on the “Reprints” link.
This article was accepted August 17, 2012.
Contributors
A. C. Lusk acquired the data and drafted the article.
W. C. Willett and J. T. Dennerlein supervised the
study. All of the authors contributed to the concep-
tion and design of the study, analysis and interpreta-
tion of the data, and critical revisions of the article.
Acknowledgments
Anne C. Lusk was supported by a Ruth L. Kirschstein
National Research Service Award (F32 HL083639)
from the National Institutes of Health and the Helen
and William Mazer Foundation. Luis F. Miranda-Moreno
was supported by the Natural Sciences and Engineering
Research Council of Canada.
We thank Peter Furth (Northeastern University) for
his help in the early phases of the drafting of the article
and Thomas Nosal (McGill University) for providing the
Portland and Vancouver expansion factors. We also
acknowledge Roger Geller (city of Portland) and Mark
Kascha (city of Vancouver) for providing the bicycle
counts.
Human Participant Protection
No protocol approval was needed for this study
because publicly available data were used and no
human participants were involved.
References
1. Oja P, Titze S, Bauman A, et al. Health benefits of
cycling: a systematic review. Scand J Med Sci Sports.
2011;21(4):496---509.
2. de Nazelle A, Nieuwenhuijsen MJ, Anto JM, et al.
Improving health through policies that promote active
travel: a review of evidence to support integrated health
impact assessment. Environ Int. 2011;37(4):766---777.
3. de Hartog J, Boogaard M, Nijland H, Do Hoek G. Do
the health benefits of cycling outweigh the risks? Environ
Health Perspect. 2010;118(8):1109---1116.
4. Schnohr P, Marott JL, Jensen JS, Jensen GB. Intensity
versus duration of cycling, impact on all-cause and
coronary heart disease mortality: the Copenhagen City
Heart Study. Eur J Cardiovasc Prev Rehabil. 2012;19
(1):73---80.
5. Hu G, Hu G, Pekkarinen H, Hanninen O, Tian H, Jin
R. Comparison of dietary and non-dietary risk factors
RESEARCH AND PRACTICE
1246 | Research and Practice | Peer Reviewed | Lusk et al. American Journal of Public Health | July 2013, Vol 103, No. 7
in overweight and normal-weight Chinese adults. Br
J Nutr. 2002;88(1):91---97.
6. Hendriksen I, Zuiderveld B, Kemper H, Bezemer P.
Effect of commuter cycling on physical performance of
male and female employees. Med Sci Sports Exerc. 2000;
32(2):504---510.
7. Wen LM, Rissel C. Inverse associations between
cycling to work, public transport, and overweight and
obesity: findings from a population based study in
Australia. Prev Med. 2008;46(1):29---32.
8. Littman AJ, Kristal AR, White E. Effects of physical
activity intensity, frequency, and activity type on 10-y
weight change in middle-aged men and women. Int J Obes
(Lond). 2005;29(5):524---533.
9. Wagner A, Simon C, Ducimetiere P, et al. Leisure-
time physical activity and regular walking or cycling to
work are associated with adiposity and 5 y weight gain in
middle-aged men: the PRIME Study. Int J Obes Relat
Metab Disord. 2001;25(7):940---948.
10. Hamer M, Chida Y. Active commuting and cardio-
vascular risk: a meta-analytic review. Prev Med. 2008;46
(1):9---13.
11. Hemmingsson E, Udden J, Neovius M, Ekelund U,
Rossner S. Increased physical activity in abdominally
obese women through support for changed commuting
habits: a randomized clinical trial. Int J Obes (Lond).
2009;33(6):645---652.
12. Bassett DR Jr, Pucher J, Buehler R, Thompson DL,
Crouter SE. Walking, cycling, and obesity rates in
Europe, North America, and Australia. J Phys Act Health.
2008;5(6):795---814.
13. Andersen LL, Blangsted AK, Nielsen PK, et al. Effect
of cycling on oxygenation of relaxed neck/shoulder
muscles in women with and without chronic pain. Eur
J Appl Physiol. 2010;110(2):389---394.
14. Pucher J, Buehler R, Bassett DR, Dannenberg AL.
Walking and cycling to health: a comparative analysis
of city, state, and international data. Am J Public Health.
2010;100(10):1986---1992.
15. Gatersleben B, Uzzell D. Affective appraisals of
the daily commute: comparing perceptions of drivers,
cyclists, walkers, and users of public transport. Environ
Behav. 2007;39(3):416---431.
16. Whitaker ED. The bicycle makes the eyes smile:
exercise, aging, and psychophysical well-being in older
Italian cyclists. Med Anthropol. 2005;24(1):1---43.
17. Menschik D, Ahmed S, Alexander MH, Blum RW.
Adolescent physical activities as predictors of young
adult weight. Arch Pediatr Adolesc Med. 2008;162
(1):29---33.
18. Gotschi T. Costs and benefits of bicycling invest-
ments in PortlandOregon. J Phys Act Health. 2011;8
(suppl 1):S49---S58.
19. Saelensminde K. Cost-benefit analyses of walking
and cycling track networks taking into account insecurity,
health effects and external costs of motorized traffic.
Transp Res Part A Policy Pract. 2004;38(8):593---606.
20. Rojas-Rueda D, de Nazelle A, Tainio M,
Nieuwenhuijsen MJ. The health risks and benefits of
cycling in urban environments compared with car use:
health impact assessment study. BMJ. 2011;343:d4521.
21. Rissel CE. Active travel: a climate change mitigation
strategy with co-benefits for health. N S W Public Health
Bull. 2009;20(1---2):10---13.
22. Lindsay G, Macmillan A, Woodward A. Moving
urban trips from cars to bicycles: impact on health and
emissions. Aust N Z J Public Health. 2011;35(1):54---60.
23. Fraser SD, Lock K. Cycling for transport and public
health: a systematic review of the effect of the environ-
ment on cycling. Eur J Public Health. 2010;21(6):738---
743.
24. Grabow ML, Spak SN, Holloway T, Stone B Jr,
Mednick AC, Patz JA. Air quality and exercise-related health
benefits from reduced car travel in the midwestern United
States. Environ Health Perspect. 2012;120(1):68---76.
25. Ainsworth BE, Haskell WL, Whitt MC, et al.
Compendium of physical activities: an update of
activity codes and MET intensities. Med Sci Sports
Exerc. 2000;32(suppl 9):S498---S504.
26. Lusk AC, Mekary RA, Feskanich D, Willett WC.
Bicycle riding, walking, and weight gain in premeno-
pausal women. Arch Intern Med. 2010;170(12):
1050---1056.
27. Matthews CE, Jurj AL, Shu XO, et al. Influence of
exercise, walking, cycling, and overall nonexercise
physical activity on mortality in Chinese women. Am J
Epidemiol. 2007;165(12):1343---1350.
28. Andersen LB, Schnohr P, Schroll M, Hein HO. All-
cause mortality associated with physical activity during
leisure time, work, sports, and cycling to work. Arch Intern
Med. 2000;160(11):1621---1628.
29. Eriksson M, Udden J, Hemmingsson E, Agewall S.
Impact of physical activity and body composition on heart
function andmorphology inmiddle-aged, abdominally obese
women. Clin Physiol Funct Imaging. 2010;30(5):354---359.
30. Andersen LB, Lawlor DA, Cooper AR, Froberg K,
Anderssen SA. Physical fitness in relation to transport
to school in adolescents: the Danish Youth and Sports
Study. Scand J Med Sci Sports. 2009;19(3):406---411.
31. Cooper AR, Wedderkopp N, Wang H, Andersen LB,
Froberg K, Page AS. Active travel to school and cardio-
vascular fitness in Danish children and adolescents.
Med Sci Sports Exerc. 2006;38(10):1724---1731.
32. Flegal KM, Carroll MD, Ogden CL, Curtin LR.
Prevalence and trends in obesity among US adults,
1999---2008. JAMA. 2010;303(3):235---241.
33. Wang Y, Beydoun MA. The obesity epidemic in the
United States—gender, age, socioeconomic, racial/ethnic,
and geographic characteristics: a systematic review
and meta-regression analysis. Epidemiol Rev. 2007;
29:6---28.
34. US Census Bureau. 2008 American Community
Survey: sex of workers by means of transportation to
work. Available at: http://factfinder2.census.gov/faces/
tableservices/jsf/pages/productview.xhtml?pid=ACS_08_
1YR_B08006&prodType=table. Accessed January 5,
2013.
35. Verkeersnet. Fietsersbond: veel meer fietspad
dan bekend in ons land. Available at: http://www.
verkeersnet.nl/1782/fietsersbond-veel-meer-fietspad-
dan-bekend-in-ons-land/. Accessed January 5, 2013.
36. Pucher J, Buehler R. Making cycling irresistible:
lessons from the Netherlands, Denmark, and Germany.
Transp Rev. 2008;28(4):1---34.
37. Miranda-Moreno LF. Weather or not to cycle:
whether or not cyclist ridership has grown: a look at
weather’s impact on cycling facilities and temporal trends
in an urban environment. Available at: http://amonline.
trb.org/12kg91/12kg91/1. Accessed January 5, 2013.
38. National Information and Technology Platform for
Infrastructure, Traffic, Transport, and Public Space.
Design manual for bicycle traffic. Available at: http://
www.crow.nl/nl/Publicaties/publicatiedetail.aspx?
code=REC25. Accessed January 5, 2013.
39. Technical Handbook of Bikeway Design. 2nd ed.
Quebec City, Quebec, Canada: Ministere des Transport
du Quebec; 2003.
40. de Vries SI, Hopman-Rock M, Bakker I, Hirasing RA,
van Mechelen W. Built environmental correlates of
walking and cycling in Dutch urban children: results from
the SPACE study. Int J Environ Res Public Health. 2010;7
(5):2309---2324.
41. Pucher J, Dill J, Handy S. Infrastructure, programs,
and policies to increase bicycling: an international review.
Prev Med. 2010;50(suppl 1):S106---S125.
42. Wegman F, Zhang F, Dijkstra A. How to make more
cycling good for road safety? Accid Anal Prev. 2012;44
(1):19---29.
43. Reynolds CC, Harris MA, Teschke K, Cripton PA,
Winters M. The impact of transportation infrastructure
on bicycling injuries and crashes: a review of the
literature. Environ Health. 2009;8:47.
44. Pucher J, Buehler R, Seinen M. Bicycling renaissance
in North America? An update and re-appraisal of cycling
trends and policies. Transp Res Part A Policy Pract.
2011;45(6):451---457.
45. Krizek K, Forsyth A, Baum L. Walking and Cycling
International Literature Review. Melbourne, Victoria,
Australia: Department of Transportation, Walking and
Cycling Branch; 2009.
46. Reid S, Adams S. Infrastructure and Cyclist Safety.
Berkshire, England: Department for Transport, Trans-
port Research Laboratory; 2010.
47. Yang L, Sahlqvist S, McMinn A, Griffin SJ, Ogilvie D.
Interventions to promote cycling: systematic review.
BMJ. 2010;341:c5293.
48. Lorenc T, Brunton G, Oliver S, Oliver K, Oakley A.
Attitudes to walking and cycling among children, young
people and parents: a systematic review. J Epidemiol
Community Health. 2008;62(10):852---857.
49. Heinen E, Van Wee B, Maat K. Commuting by
Bicycle: An Overview of the Literature. Transp Rev.
2010;30(1):59---96.
50. Buehler R, Pucher J, Merom D, Bauman A. Active
travel in Germany and the U.S.: contributions of daily
walking and cycling to physical activity. Am J Prev Med.
2011;41(3):241---250.
51. The National Bicycling and Walking Study: 15-Year
Status Report. Washington, DC: Pedestrian and Bicycle
Information Center; 2010.
52. Buehler R, Pucher J. Cycling to work in 90 large
American cities: new evidence on the role of bike paths
and lanes. Available at: http://www.springerlink.com/
content/n822p50241p66113/. Accessed January 5,
2013.
53. Garrard J, Rose G, Lo SK. Promoting transportation
cycling for women: the role of bicycle infrastructure.
Prev Med. 2008;46(1):55---59.
54. Garrard J. Healthy revolutions: promoting cycling
among women. Health Promotion J Aust. 2003;14
(3):213---215.
55. Krizek KJ, Johnson PJ, Tilahun N. Gender differences
in bicycling behavior and facility preferences. Available
RESEARCH AND PRACTICE
July 2013, Vol 103, No. 7 | American Journal of Public Health Lusk et al. | Peer Reviewed | Research and Practice | 1247
at: http://onlinepubs.trb.org/onlinepubs/conf/CP35v2.
pdf. Accessed January 5, 2013.
56. Women and Cycling in Sydney: Determinants and
Deterrents—Results of Pilot Survey. Sydney, New South
Wales, Australia: Roads and Traffic Authority of New
South Wales; 2001.
57. Hayes JS, Henslee B, Ferber J. Bicycle injury
prevention and safety in senior riders. J Trauma Nurs.
2003;10(3):66---68.
58. Ritter A, Straight A, Evans E. Understanding
Senior Transportation: Report and Analysis of a Survey
of Consumers Age 50. Washington, DC: AARP Public
Policy Institute; 2002.
59. Mehan TJ, Gardner R, Smith GA, McKenzie LB.
Bicycle-related injuries among children and adolescents
in the United States. Clin Pediatr (Phila). 2009;48
(2):166---173.
60. From the Centers for Disease Control and Prevention:
barriers to children walking and biking to school—United
States, 1999. JAMA. 2002;288(11):1343---1344.
61. Moritz W. Survey of North American bicycle
commuters: design and aggregate results. Transp Res Rec.
1997;1578:91---101.
62. Moritz W. Adult bicyclists in the United States:
characteristics and riding experience in 1996. Transp Res
Rec. 1998;1636:1---7.
63. Wachtel A, Lewiston D. Risk factors for bicycle-
motor vehicle collisions at intersections. ITE J. 1994;64
(9):30---35.
64. US Department of Transportation. Design guidance
accommodating bicycle and pedestrian travel: a recom-
mended approach. Available at: http://www.fhwa.dot.
gov/environment/bikeped/design.htm. Accessed Janu-
ary 5, 2013.
65. National Association of City Transportation Offi-
cials. NACTO urban bikeway design guide. Available
at: http://nacto.org/cities-for-cycling/design-guide/.
Accessed January 5, 2013.
66. Complete Streets. Complete Streets policy fact sheet.
Available at: http://www.smartgrowthamerica.org/
complete-streets/complete-streets-fundamentals.
Accessed January 5, 2013.
67. Winters M, Teschke K. Route preferences among
adults in the near market for bicycling: findings of the
Cycling in Cities Study. Am J Health Promot. 2010;25
(1):40---47.
68. Chen L, Chen C, Srinivasan R, McKnight CE, Ewing
R, Roe M. Evaluating the safety effects of bicycle lanes in
New York City. Am J Public Health. 2012;102(6):1120---
1127.
69. Forester J. Bikeway history. Available at: http://
www.johnforester.com/Articles/Social/U.S.History.htm.
Accessed January 5, 2013.
70. Kroll B, Sommer R. Bicyclists’ response to urban
bikeways. J Am Inst Plann. 1976;42(1):42---51.
71. Guide for Bicycle Routes. Washington, DC: American
Association of State Highway and Transportation
Officials; 1974.
72. Guide for the Development of New Bicycle Facilities.
Washington, DC: American Association of State Highway
and Transportation Officials; 1981.
73. Guide for the Development of Bicycle Facilities.
Washington, DC: American Association of State Highway
and Transportation Officials; 1991.
74. Guide for the Development of Bicycle Facilities.
Washington, DC: American Association of State Highway
and Transportation Officials; 1999.
75. University of California, Los Angeles, School of
Engineering and Applied Science. Bikeway planning crite-
ria and guidelines. Available at: http://katana.hsrc.unc.
edu/cms/downloads/BikewayPlanningGuidelines1972.
pdf. Accessed January 5, 2013.
76. Garrard J, Crawford S, Hakman N. Revolutions for
women: increasing women’s participation in cycling for




77. 2010 Minneapolis Bicyclist and Pedestrian Count
Report. Minneapolis, MN: City of Minneapolis Public
Works Department; 2011.
78. New York City Department of Transportation. Eight
and Ninth Avenues complete street extensions. Available
at: http://www.nyc.gov/html/dot/downloads/pdf/
201109_8th_9th_cb4_slides.pdf. Accessed January 5,
2013.
79. New York City Department of Transportation.




80. New York City Department of Transportation. First
and Second Avenues complete street extension. Available
at: http://www.nyc.gov/html/dot/downloads/pdf/
201109_1st_2nd_aves_bicycle_paths_cb11.pdf.
Accessed January 5, 2013.
81. Road Safety Manual: Recommendations From the
World Road Association. Paris, France: World Road
Association; 2003.
82. City of Toronto, Transportation Services Division.
Motorist opens door in path of cyclist. Available at:
http://www.toronto.ca/transportation/publications/
bicycle_motor-vehicle/pdf/car-bike_collision_type6.
pdf. Accessed January 5, 2013.
83. Dennerlein J, Meeker J. Injuries among Boston
bicycle messengers. Am J Ind Med. 2002;42(6):
519---525.
84. Up for the Bike: Design Manual for a Cycle-Friendly
Infrastructure. Ede, the Netherlands: Centre for Research
and Contract Standardization in Civil and Traffic
Engineering; 1993.
85. Aultman-Hall L, Hall FL. Ottawa-Carleton com-
muter cyclist on- and off-road incident rates. Accid
Anal Prev. 1998;30(1):29---43.
86. Aultman-Hall L, Kaltenecker MG. Toronto bicycle
commuter safety rates. Accid Anal Prev. 1999;31
(6):675---686.
87. Lusk AC, Furth PG, Morency P, Miranda-Moreno
LF, Willett WC, Dennerlein JT. Risk of injury for
bicycling on cycle tracks versus in the street. Inj Prev.
2011;17(2):131---135.
88. Jensen S. Bicycle tracks and lanes: a before-and-
after study. Paper presented at: annual meeting of the
Transportation Research Board, January 2008,
Washington, DC.
89. Jensen SU. Pedestrian and bicyclist level of service
on roadway segments. Transp Res Rec. 2007;2031:
43---51.
RESEARCH AND PRACTICE
1248 | Research and Practice | Peer Reviewed | Lusk et al. American Journal of Public Health | July 2013, Vol 103, No. 7
This article has been cited by:
1. Matin S. Nabavi Niaki, Nicolas Saunier, Luis F. Miranda-Moreno. 2018. Analysing cyclist behaviour at cycling facility
discontinuities using video data. Transactions on Transport Sciences 9:1, 3-17. [Crossref]
2. M. Saplıoğlu, M.M. Aydın. 2018. Choosing safe and suitable bicycle routes to integrate cycling and public transport systems.
Journal of Transport & Health . [Crossref]
3. Narelle Haworth, Jacqueline Fuller. Chapter 11. Providing for Bicyclists 229-253. [Crossref]
4. Gabriele Prati, Víctor Marín Puchades, Marco De Angelis, Federico Fraboni, Luca Pietrantoni. 2018. Factors contributing
to bicycle–motorised vehicle collisions: a systematic literature review. Transport Reviews 38:2, 184-208. [Crossref]
5. Inés Alveano-Aguerrebere, Francisco Javier Ayvar-Campos, Maryam Farvid, Anne Lusk. 2018. Bicycle Facilities That Address
Safety, Crime, and Economic Development: Perceptions from Morelia, Mexico. International Journal of Environmental
Research and Public Health 15:1, 1. [Crossref]
6. Moreno Zanotto, Meghan L. Winters. 2017. Helmet Use Among Personal Bicycle Riders and Bike Share Users in Vancouver,
BC. American Journal of Preventive Medicine 53:4, 465-472. [Crossref]
7. Anne C. Lusk, Albert Anastasio, Nicholas Shaffer, Juan Wu, Yanping Li. 2017. Biking practices and preferences in a lower
income, primarily minority neighborhood: Learning what residents want. Preventive Medicine Reports 7, 232-238. [Crossref]
8. . Bicyclists 983-1036. [Crossref]
9. Jonathan DiGioia, Kari Edison Watkins, Yanzhi Xu, Michael Rodgers, Randall Guensler. 2017. Safety impacts of bicycle
infrastructure: A critical review. Journal of Safety Research 61, 105-119. [Crossref]
10. R. Marqués, V. Hernández-Herrador. 2017. On the effect of networks of cycle-tracks on the risk of cycling. The case of
Seville. Accident Analysis & Prevention 102, 181-190. [Crossref]
11. Ralph Buehler, John Pucher. 2017. Trends in Walking and Cycling Safety: Recent Evidence From High-Income Countries,
With a Focus on the United States and Germany. American Journal of Public Health 107:2, 281-287. [Abstract] [Full Text]
[PDF] [PDF Plus] [Supplemental Material]
12. Richard J. Lee, Ipek N. Sener. 2016. Transportation planning and quality of life: Where do they intersect?. Transport Policy
48, 146-155. [Crossref]
13. Elizabeth Suzanne Wolfe, Sandra Strack Arabian, Matthew J. Salzler, Nikolay Bugaev, Reuven Rabinovici. 2016. Bicyclist
Safety Behaviors in an Urban Northeastern, United States City. Journal of Trauma Nursing 23:3, 119-124. [Crossref]
14. Jillian Strauss, Luis F. Miranda-Moreno, Patrick Morency. 2015. Mapping cyclist activity and injury risk in a network
combining smartphone GPS data and bicycle counts. Accident Analysis & Prevention 83, 132-142. [Crossref]
15. Anne C Lusk, Morteza Asgarzadeh, Maryam S Farvid. 2015. Database improvements for motor vehicle/bicycle crash analysis.
Injury Prevention 21:4, 221-230. [Crossref]
16. M Kary. 2015. Unsuitability of the epidemiological approach to bicycle transportation injuries and traffic engineering
problems. Injury Prevention 21:2, 73-76. [Crossref]
17. Meghan Winters, Joanie Sims-Gould, Thea Franke, Heather McKay. 2015. “I grew up on a bike”: Cycling and older adults.
Journal of Transport & Health 2:1, 58-67. [Crossref]
18. John D Kraemer, Heather N Zaccaro, Jason S Roffenbender, Sabeeh A Baig, Megan E Graves, Katherine J Hauler, Aamir N
Hussain, Faith E Mulroy. 2015. Assessing the potential for bias in direct observation of adult commuter cycling and helmet
use. Injury Prevention 21:1, 42-46. [Crossref]
19. Silvia Bernardi, Federico Rupi. 2015. An Analysis of Bicycle Travel Speed and Disturbances on Off-street and On-street
Facilities. Transportation Research Procedia 5, 82-94. [Crossref]
20. Anne C. Lusk, Xu Wen, Lijun Zhou. 2014. Gender and used/preferred differences of bicycle routes, parking, intersection
signals, and bicycle type: Professional middle class preferences in Hangzhou, China. Journal of Transport & Health 1:2,
124-133. [Crossref]
21. Mingxin Li, Ardeshir Faghri. 2014. Cost–Benefit Analysis of Added Cycling Facilities. Transportation Research Record:
Journal of the Transportation Research Board 2468:1, 55-63. [Crossref]
22. Thomas Nosal, Luis F. Miranda-Moreno, Zlatko Krstulic. 2014. Incorporating Weather. Transportation Research Record:
Journal of the Transportation Research Board 2468:1, 100-110. [Crossref]
23. Paul Schimek. 2013. Cycle Track Safety Remains Unproven. American Journal of Public Health 103:10, e6-e7. [Citation]
[Full Text] [PDF] [PDF Plus]
